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Abstract 
The interfacial tension between immiscible liquids is studied as a function of a model linear 
surfactant length and concentration using coarse–grained, dissipative particle dynamics 
numerical simulations. The adsorption isotherms obtained from the simulations are found to 
be in agreement with Langmuir´s model. The reduction of the interfacial tension with 
increasing surfactant concentration is found to display some common characteristics for all 
the values of chain length modeled, with our predictions being in agreement with 
Szyszkowski’s equation. Lastly, the critical micelle concentration is predicted for all 
surfactant lengths, finding exponentially decaying behavior, in agreement with Kleven’s 
model. It is argued that these findings can be helpful guiding tools in the interpretation of 
available experiments and in the design of new ones with new surfactants and polymers.  
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INTRODUCTION 
The study of surfactants’ properties and structure and their connection with surfactants ability 
to reduce the interfacial tension efficiently are subjects of considerable current interest due 
to their applications to topics that range from nanomedicine to enhanced oil recovery.  A 
surfactant molecule is an active agent which is characterized by its adsorption characteristics 
and capacity to reduce interfacial tension [1]. Most surfactant molecules consist of at least 
two parts: a hydrophilic (polar) head and a hydrophobic (non-polar) tail, which possess the 
property of reducing interfacial tension in an aqueous medium. 
The self-assembling of surfactants in solution is a phenomenon present in natural systems 
and industrial processes, such as pharmaceuticals, food, plastics and petroleum industries. In 
recent years research in this area has played an important role in the science of colloids and 
interfaces [2]. Since surfactants naturally adsorb at interfaces, one of their physicochemical 
characteristics is that they can saturate interfaces when they reach certain concentration, 
known as the critical micellar concentration (CMC). When the surfactant concentration 
exceeds the CMC, the surfactants aggregate in micelles, which differ in size and shape and 
coalesce more as the surfactant concentration increases even further [3]. Knowing precisely 
the CMC is important from a practical point of view, since adding surfactants at 
concentrations above CMC can be wasteful and costly. Also, one would like to know how 
the CMC and the interfacial tension depend on the surfactant’s particular structure. 
Numerical modeling can be a very powerful tool to tackle these and other related problems 
[4, 5]. In particular, surfactants micellization has been extensively studied since the 1990’s 
using computer simulations [6-12].  However, many surfactant applications do not require 
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atomistically detailed simulations [4], which can be computationally demanding if one wants 
to reach time and length scales of the order of ~ 1 s and ~ 100 nm, respectively, as is 
customary in the surfactant consuming industries [1]. Reaching these scales can be achieved 
using so called coarse – grained methods, for example [13].  
Some years ago Hoogerbrugge and Koelman [14] introduced a new simulation technique 
called dissipative particle dynamics (DPD). It is based on the simulation of soft spheres 
(“beads”), whose motion is governed by simple force laws; in addition, it allows for the 
mesoscopic-scale modeling of the self-assembly of surfactant and polymer systems. DPD is 
based on a coarse – grained representation (CG), where the internal degrees of freedom of 
the molecules are integrated out in favor of a less atomistically detailed and more mesoscopic 
description of the system. Beads interact through soft, short range potentials that lead to 
improved computational efficiency. Despite the simplicity of the models, DPD can provide 
quantitatively and qualitatively correct descriptions of structural and thermodynamic 
properties of complex systems [15, 16].  
One of the main problems to overcome to achieve quantitatively correct predictions using 
DPD is the parameterization of the repulsion parameters. Poll and Bolhuis [17] performed 
Monte Carlo (MC) simulations using soft repulsion potentials taken from [18] and obtained 
very low values for the CMC. The authors suggested that the inclusion of a hard sphere 
solvent is recommended to obtain quantitatively accurate CMC predictions using CG models. 
However, in recent publications by Li et al. [19] and by Lin et al. [20] it is reported that CMC 
studies of non-ionic model surfactants with different structure showed that DPD simulations 
predicted correctly the formation dynamics and the equilibrium distribution of micellar 
aggregates. The influence of varying the bond strength between beads along the surfactant 
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chain in their ability to reduce interfacial tension and other thermodynamic properties has 
also been studied using DPD [21]. The role of the surfactant chain rigidity in the prediction 
of the CMC was explored by Lee and collaborators using DPD simulations [3]. On the 
experimental side, the work of Mattei et al. [22] reported the use of the group-contribution 
method (GCM) to estimate the CMC of nonionic surfactants with different molecular 
structures in water at 298.15 K; the GCM is based on Merrero and Gani’s model [23]. 
Determining the value of the CMC experimentally can be carried out using different physical 
quantities such as electrical conductivity, surface tension, light scattering and fluorescence 
spectroscopy depending on the size or number of particles in solution [24]. Additionally, 
some applications require surfactant concentrations just below the CMC (e.g. for reduction 
of surface tension) while for others, such as in the design of emulsion – based products, it is 
necessary to work above the CMC [22]. Since the formation of the interface is a dynamic 
process, the effectiveness of the surfactants is determined by the rate at which the surfactant 
is adsorbed at the interface, as well as by the thermodynamic competition between adsorption 
and micelle formation, which determines how effectively a surfactant reduces the equilibrium 
surface tension [25]. 
In the present work we report studies of the interfacial tension between two immiscible model 
liquids (“water”/“oil”) as a function of the model surfactant’s chain length and concentration, 
using DPD numerical simulations. Our aim is to determine not only the role played by the 
chain length in reducing the interfacial tension, but also the effect of the competition between 
the adsorption and aggregation phenomena in the surfactants’ efficiency. Five types of linear, 
non - ionic surfactants with increasing degrees of polymerization were modeled (N = 30, 40, 
50, 60, 70 beads). We focus also on identifying how surfactants adsorb, so that one can 
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establish where in concentration is the critical region of saturation of surfactants at the 
interface, which yields directly predictions of the CMC. The emphasis is on the study of the 
thermodynamic mechanisms at play rather than in the mapping to specific molecular 
structures, so that our conclusions can be useful to a wider number of systems. 
MODELS AND METHODS 
Our models were solved numerically using the DPD method, in which the fluid is composed 
of a set of point particles in continuous space and the motion of the particles is governed by 
Newton’s laws. The system consists of a set of n particles, where each particle is 
characterized by its position 𝒓𝑖 , moment 𝒑𝑖 , and its mass 𝑚𝑖. The evolution of positions and 
momenta on all particles in time is obtained from the numerical integration of Newton's 
second law on discreet time steps. The net force on the i-th particle, 𝑭𝑖 is given by 
𝑭𝑖 = ∑ 𝑭𝑖𝑗
𝐶 + 𝑭𝑖𝑗
𝐷 + 𝑭𝑖𝑗
𝑅
𝑖≠𝑗  ,    (1) 
where the DPD interparticle force exerted by the particle i on the particle j is additive in pairs 
and is made up of three components: conservative 𝑭𝑖𝑗
𝐶 , dissipative 𝑭𝑖𝑗
𝐷  and random 𝑭𝑖𝑗
𝑅 . These 
forces are given by the following expressions: 
𝐹𝑖𝑗
𝐶 = {
𝑎𝑖𝑗 (1 −
𝑟𝑖𝑗
𝑟𝑐
) ?̂?𝑖𝑗                   
𝑟𝑖𝑗
𝑟𝑐
≤ 1
0                                           
𝑟𝑖𝑗
𝑟𝑐
> 1
    (2) 
𝐹𝑖𝑗
𝐷 = {
−𝛾𝜔𝐷(𝑟𝑖𝑗)[𝒗𝑖𝑗 ∙ ?̂?𝒊𝒋]?̂?𝒊𝒋     
𝑟𝑖𝑗
𝑟𝑐
≤ 1
0                                            
𝑟𝑖𝑗
𝑟𝑐
> 1
    (3) 
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  𝐹𝑖𝑗
𝑅 = {
𝜎𝜔𝑅(𝑟𝑖𝑗)𝜉𝑖𝑗(∆𝑡)
−1/2?̂?𝒊𝒋                       
𝑟𝑖𝑗
𝑟𝑐
≤ 1
0                                                               
𝑟𝑖𝑗
𝑟𝑐
> 1
  (4) 
where 𝒓𝑖𝑗 = 𝒓𝑖 − 𝒓𝑗  is …; 𝒗𝑖𝑗 = 𝒗𝑖 − 𝒗𝑗 is …;  𝑟𝑖𝑗 = |𝒓𝑖𝑗| and the unit vector ?̂?𝑖𝑗 = 𝒓𝑖𝑗/𝑟𝑖𝑗 . 
𝜉𝑖𝑗  is a random variable with a Gaussian distribution [14], 𝜔
𝑅(𝑟𝑖𝑗) is a weight function, 𝛾 the 
friction factor and 𝜎 defines the amplitude of the fluctuations; t is the finite time step used 
to integrate the equation of motion. The constants 𝜎 and 𝛾 are coupled by the relation 𝜎2 =
2𝛾𝑘𝐵𝑇, with 𝑘𝐵 the Boltzmann constant and T the system’s absolute temperature, 
respectively. The random and dissipative forces are balanced and related to the system 
temperature according to the fluctuation-dissipation theorem [27]: 
𝜔𝐷(𝑟𝑖𝑗) = [𝜔
𝑅(𝑟𝑖𝑗)]
2
= [𝑚𝑎𝑥{(1 − 𝑟𝑖𝑗 𝑟𝑐⁄ ), 0}]
2
.   (5) 
When the above relationship is fulfilled, together with that existing between 𝜎 and 𝛾, the 
system reaches thermodynamic equilibrium, having a canonical distribution function [27]. 
The equations of motion are solved using the velocity Verlet algorithm adapted to DPD [26]. 
The DPD particles interact only with those within a certain cutoff radius 𝑟𝑐  beyond which all 
interactions are zero. The value 𝑟𝑐 = 1 sets the model’s length scale. Dissipative and random 
forces constitute the local DPD thermostat. Surfactants are modeled by linear chains of beads 
connected by harmonic springs between beads. The harmonic force that joins the beads is 
given by: 
𝑭𝑠𝑝𝑟𝑖𝑛𝑔(𝑟𝑖𝑗) =  − 𝑘0(𝑟𝑖𝑗 − 𝑟0)?̂?𝒊𝒋,    (6) 
where 𝑘0 is the spring constant and 𝑟𝑜  the equilibrium distance of the spring, respectively. In 
all simulations the values of these constants are 𝑘0 = 100(𝑘𝐵𝑇/𝑟
2
𝑐)  and 𝑟0 = 0.7𝑟𝑐  [21]. 
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SIMULATION DETAILS 
All simulations are performed in reduced DPD units. The time step chosen to integrate the 
equation of motion is Δ𝑡∗ = 0.01; the volume of the rectangular parallelepiped simulation 
box for all cases is 𝐿𝑥  ×  𝐿𝑦  ×  𝐿𝑧 = 10 × 10 × 30. The values of the constants involved in 
the dissipative and random forces are chosen (see Eqs. (3-4)) as 𝜎 = 3 and 𝛾 = 4.5, 
respectively, so that 𝑘𝐵𝑇
∗ = 1. The cut-off radius is 𝑟𝑐 = 1, and the masses are 𝑚𝑖 = 𝑚 =
1. Reduced units are used throughout this work, however the coarse – graining degree (𝑁𝑚) 
we use is three water molecules per DPD bead, which sets the length scale as 𝑟𝑐 =
(𝜌𝑁𝑚𝑉𝑚)
1 3⁄ = 6.46 Å, with 𝜌 = 3 being the numerical density and 𝑉𝑚 = 30Å
3 the molar 
volume of a water molecule. The reduced time step (∆𝑡∗) is dimensionalized with ∆𝑡 =
(𝑚𝑟𝑐
2/𝑘𝐵𝑇)
1/2∆𝑡∗ ≈ (6.3 𝑝𝑠) ∆𝑡∗ for 𝑁𝑚 = 3; the interfacial tension is expressed in units 
of 𝑘𝐵𝑇/𝑟𝑐
2 and the interaction parameters 𝑎𝑖𝑗  are given in units of 𝑘𝐵𝑇/𝑟𝑐. There is a well-
established method for obtaining the interaction parameters of the conservative force 
between the various types of particles in DPD using the Flory – Huggins solution theory, see 
reference [28]. However, our purpose here is to show how DPD can be used to extract 
important information about surfactant efficiency quickly and accurately, therefore the 
values for the conservative forces are chosen heuristically for interactions between particles 
of different type. For like – like interactions the conservative force constant is given by the 
coarse – graining degree and the reduced value of the isothermal compressibility of water 
[29]. Since our coarse – graining degree is equal to grouping three water molecules into a 
DPD bead, the appropriate value for the conservative force parameter (see Eq. (3)) for 
particles of the same type is 𝑎𝑖𝑖 = 78.3, in reduced DPD units [21]. The interactions for 
different types for particles were chosen qualitatively, to produce strong repulsion (as for 
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water – oil, and water – surfactant tail interactions) and strong attraction (as for water – 
surfactant head, and oil – surfactant tail interactions), where experience dictates that they are 
so. For example, since the diagonal interactions in Table 1 are close to 80 in reduced DPD 
units, an interaction twice as large must produce strong repulsion.  
The simulations were performed in blocks of 2 × 104 time steps, with the first 20 blocks 
being used to reach equilibrium and the additional 20 blocks used for the production phase. 
All numerical calculations were performed in the canonical ensemble (at constant particle 
number, n, volume, V, and temperature, T), for a mixture of two monomeric immiscible 
liquids and with linear chain surfactants at the interface with increasing degree of 
polymerization (N = 30, 40, 50, 60, 70). All simulations are carried out at fixed global density 
𝜌∗ = 3, which means that the total number of beads (water, oil, surfactants) in the system is 
always n = 9000, not to be confused with the surfactant’s polymerization degree. Periodic 
boundary conditions are applied on all faces of the simulation box. 
RESULTS AND DISCUSSION 
The surfactants modeled in this work have a single – monomer hydrophilic head and a 
hydrophobic tail of increasing length, immersed in an aqueous medium formed by two 
immiscible components, water and oil, forming interfaces. Table 1 lists the values of the 
interaction parameters used for all simulations, see Eq. (2). 
Table 1. Conservative force interaction constants between the beads. Here 1 = water, 2 = oil, 3 = surfactant’s 
polar head and 4 = surfactant’s hydrophobic tail. See also Eq. (2). 
aij 1 2 3 4 
1 78.3 160 60 160 
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2  78.3 160 60 
3   78.3 85 
4    78.3 
 
Figure 1(a) shows a snapshot of our model system without surfactants (left image), along 
with their respective density profiles (right image). On the left side in Fig. 1(b) we present a 
snapshot of the water-oil-surfactant system and the corresponding density profiles (right 
panel). The linear surfactant presented in this figure corresponds to the case of degree of 
polymerization equal to 30. 
 
Figure 1. (Color online) (a) Snapshot of the water (red beads) – oil (blue beads) system (left) and their respective 
density profiles, on the right (solid line for water, dash-dot line for oil). (b) Snapshot of the water-oil-surfactant 
system (left), and their corresponding density profiles (right; orange circles for the hydrophilic head, blue 
a) 
b) 
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triangles for the hydrophobic tail, black stars for water and red circles for oil; N = 30) at a concentration of 130 
chains/vol. All quantities are expressed in educed DPD units. The snapshots of the systems were obtained with 
the molecular visualizer VMD [30]. 
The density profiles shown in Fig. 1 display the formation of four interfaces due to periodic 
boundary conditions. Notice also how the profiles in Fig. 1(b) show the incipient formation 
of a surfactant micelle within the oil phase, in addition to the adsorption of surfactants at the 
interfaces. 
The interfacial tension 𝛾∗ of the system is obtained from the components of the pressure 
tensor, of the form 
𝛾∗ = 𝐿𝑧
∗ [〈𝑃𝑧𝑧
∗ 〉 −
1
2
(〈𝑃𝑥𝑥
∗ 〉 + 〈𝑃𝑦𝑦
∗ 〉)],    (7) 
where 〈∙ ∙ ∙ ∙ ∙〉  is the time average of the components of the pressure tensor over the 
production phase of the simulations, 𝐿𝑧
∗  is the length of the simulation cell along the z – 
direction, which is perpendicular to the interfaces shown in the snapshots in Fig. 1. The 
asterisks indicate expressions are given in reduced units. The components of the pressure 
tensor are obtained from the virial theorem [4], as follows: 
𝑃𝑥𝑥 = ∑ 𝑚𝑖?⃗?𝑖 ∙
𝑖
?⃗?𝑖 + ∑ ∑ 𝐹𝑖𝑗𝑥
𝐶 𝑥𝑖𝑗
𝑗>𝑖𝑖
  .                                       (8) 
The first term in Eq. (8) represents the kinetic contribution, while the second term arises from 
the interactions and is the product of the x – component of the conservative DPD force acting 
between particles i and j, and the x – component of the relative position vector between 
particles i and j. The other pressure tensor components, Pyy and Pzz are obtained by replacing 
x by y and z in Eq. (8), respectively. It has been shown [31] that only the conservative force 
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contributes to the pressure tensor for long simulations, therefore the dissipative and random 
forces are not included in Eq. (8) [28].  
Figures 2(a) and 2(b) show the adsorption isotherms for linear surfactants with a degree of 
polymerization equal to 30 and 50 units, respectively. These isotherms represent the 
concentration of surfactant adsorbed at the interfaces versus the concentration of the 
surfactant not adsorbed (forming micelles), also known as the supernatant; in both cases the 
data are compared with the Langmuir adsorption isotherm [32]. 
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Figure 2. (Color online) (a) Adsorption isotherm for the surfactant with polymerization degree N = 30 and (b) 
adsorption isotherm for the surfactant with N = 50, in reduced DPD units. The solid lines represent the fit to 
the Langmuir adsorption model, eq. (9) with 𝑘𝑒𝑞(𝑁 = 30) = 7 and 𝑘𝑒𝑞(𝑁 = 50) = 20, also in reduced units. 
The error bars are smaller than the symbols’ size.  
The trends in the data in Fig. 2 are shown to be adequately reproduced by the Langmuir 
model [32],  
Γ = Γ0
𝑘𝑒𝑞𝐶
1+𝑘𝑒𝑞𝐶
 ,     (9) 
where Γ is the number of chains adsorbed at the interfaces per unit area, Γ0 is the adsorption 
at saturation, 𝑘𝑒𝑞 is the equilibrium constant and 𝐶 the surfactant concentration. The 
agreement between our predictions and Eq. (9) is the result of the fact that the surfactant 
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adsorbs at the interfaces primarily as a monolayer, as the chains’ heads profile in Fig. 1(b) 
shows.  The fits in Fig. 2 show that 𝑘𝑒𝑞(𝑁 = 30) < 𝑘𝑒𝑞(𝑁 = 50), as has been found in 
various experiments [1]. 
In Fig. 3 we present the dimensionless interfacial tension as a function of surfactant 
concentration, normalized by their corresponding CMC, for increasing values of the chains’ 
length. The CMC is obtained from the concentration at which there is an abrupt change in 
the slope of tension, as the inset in Fig. 3 illustrates. The interfacial tension decreases as the 
surfactant concentration increases, as expected for any surfactant and found in numerous 
experiments [22, 25] and in simulations [3, 6, 21]. The simplest model that is adequate to 
describe the surfactant adsorption is the Langmuir isotherm [33], which reproduces our 
results reasonably well, as seen in Fig. 2. This means that the adsorption-desorption kinetics 
of the surfactant and its diffusion in the system determines the rate of adsorption of the 
surfactant [25]. 
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Figure 3. (Color online) Normalized interfacial tension as a function of the variation of the concentration 
(normalized by the CMC) of the model surfactants for increasing chain length, in reduced units. The solid line 
represents the fit to Syzckowski's equation [25], with 𝑎 = 0.25 and 𝑏 = 0.9. The inset shows the interfacial 
tension as a function of the variation of the concentration of the surfactant with polymerization degree N = 30, 
in reduced DPD units. 
The data for all surfactants fall onto a single curve for concentrations below their CMC, as 
seen in Fig. 3, which signals scaling behavior as is frequently the case for self – similar 
molecules like surfactants and polymers. The line in Fig. 3 is the fit to Szyszkowski’s 
equation [25]: 
𝛾
𝛾0
= 1 − 𝑎 ln(1 + 𝑏𝐶) ,    (10) 
where 𝛾0 is the interfacial tension when no surfactants are present in the system, while 𝑎 =
𝑅𝑇Γ∞ 𝛾0⁄  and 𝑏 = (𝑘𝑒𝑞)(𝐶𝑀𝐶) are constants that are usually obtained from fits to 
experimental adsorption and surface tension isotherms; 𝑅 is the universal gas constant and 
Γ∞ is the adsorption at maximum saturation of the interface. No attempt was made to fit the 
data in Fig. 3 for 𝐶 > 𝐶𝑀𝐶 since that would fall beyond the range of validity of Eq. (10). 
Therefore the solid line in the main panel in Fig. 3 is the fit for the normalized interfacial 
tension data of all surfactant lengths N in the concentration range 0 < 𝐶 < 𝐶𝑀𝐶.  Equation 
(10) is based on Langmuir’s isotherm and Gibbs adsorption equation, therefore the agreement 
between Szyszkowski’s equation and our predictions in Fig. 3 is a consequence of the 
adsorption mechanism. A salient feature of the curves shown in Fig. 3 for surfactant 
concentration above the CMC and their fit to Eq. (10) is the following. Increasing the chain’s 
length N reduces the CMC, which would lead to a decrease in the parameter 𝑏 in Eq. (10). 
However, a larger N also leads to a larger 𝑘𝑒𝑞, as Fig. 2 illustrates, which would also produce 
an increase in 𝑏; yet the trends shown in Fig. 3 indicate that 𝑏 decreases as N growths. 
Therefore one must conclude that the CMC decreases faster with increasing N than the 
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increase of 𝑘𝑒𝑞 with growing chain length. As Fig. 4 shows, that is precisely what our DPD 
simulations predict.  
In Fig. 4 we present the CMC obtained from the interfacial tension isotherms for each chain 
length, such as the one shown in the inset of Fig. 3, as a function of the surfactant’s chain 
length. The CMC is predicted to decrease exponentially as the surfactant’s polymerization 
degree growths, in excellent agreement with experiments with polypropylene oxide polymers 
acting as surfactants at the air/liquid interface [34].  
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Figure 4. (Color online) The relationship between the CMC in reduced units predicted by DPD simulations and 
the length of the surfactant chain. The solid red line represents the fit to the expected exponential decay, see 
Eq. (11). Error bars are smaller than the symbols’ size.  
The solid line in Fig. 4 is the fit to the exponentially decaying dependence on polymerization 
degree of the CMC, expected from the model put forward by Klevens [35]: 
15 
 
ln(𝐶𝑀𝐶) = 𝐴 − 𝐵𝑁 .    (11) 
In Eq. (11) A and B are constants with respect to the surfactant chain’s length, N. The 
predictions of our DPD simulations are in good agreement with experiments on several 
classes of non – ionic surfactants and models [34, 36, 37, 38], with the additional advantage 
that DPD simulations are very fast and they are easily adapted to model other surfactant 
architectures, such as those of the so –called Gemini [11, 37], or star – shaped [36] 
surfactants. If a detailed DPD mapping of a surfactant with a specific chemical composition 
is carried out one can obtain detailed thermodynamics information from data such as those 
presented in Fig. 4, e. g. the van der Waals interaction per CH2 along the hydrocarbon chain, 
as the leading mechanism driving the micelle formation.  
CONCLUSIONS 
The interfacial tension between two model immiscible liquids as a function of surfactants’ 
concentration and chain length was calculated using mesoscopic – scale, DPD simulations. 
The mechanism through which the model linear surfactant decreases the interfacial tension 
was found to be its adsorption as a monolayer at the interfaces. The predicted adsorption 
isotherms were found to be in agreement with the Langmuir adsorption model, while the 
interfacial tension and CMC were found to behave as predicted by known theories. Although 
emphasis was placed on the study of model systems rather than on specific molecules and 
liquids, our parametrization of the surfactant has been shown to be an excellent model for 
polyethylene glycol in aqueous media [39], to mention a particular example. Our conclusions 
can be equally useful for other non – ionic surfactants [40]. Other variables can also be 
explored which are computationally inexpensive with this mesoscopic technique, such as the 
16 
 
influence of larger surfactant heads on interfacial tension and on the CMC; mixtures of linear 
and branched surfactants in polymeric liquids, and somewhat more costly simulations, for 
ionic surfactants [41]. In addition to its mesoscopic reach and its speed compared with other 
numerical modeling techniques, DPD has also the advantage of being relatively insensitive 
to finite size effects, particularly in regard to the prediction of the interfacial tension [16]. 
Hence, one can perform accurate simulations with relatively small systems. The influence of 
different solvents can also be incorporated [42] through the judicious choice of conservative 
interaction parameters. Lastly but no less importantly, one can also carry out studies of the 
influence of temperature on the interfacial tension modified by specific surfactants by 
incorporating the temperature evolution of the conservative force parameters [43]. It is noted 
that through fast DPD simulations like those reported here one can gain significant 
knowledge by designing classes of surfactants and polymers in solution before embarking in 
costly and time – consuming experiments. Our main purpose here has been to show how one 
can use state of the art mesoscale models solved numerically to obtain useful 
physicochemical information that can help interpret and design better experiments on 
surfactant systems. 
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